Abstract Purpose: No epidemiological study has examined the association of objectively measured physical activity with all-cause mortality among adults who have had a stroke, which was the purpose of this study. Participants: One hundred eighty-four patients with stroke. Measures: Physical activity assessed via accelerometry (ActiGraph 7164), with stroke assessed via self-report of physician diagnosis. Mortality was assessed via linkage with the National Death Index, with follow-up through 2011.
Purpose
As of 2012, behind ischemic heart disease, stroke is the second leading cause of death worldwide. 1 More than half of men and women who have a stroke before the age of 50 years will die within the subsequent 8 years. 2, 3 Consequently, modifiable factors to help promote survival among patients with stroke are of major public health importance.
Physical inactivity was implicated by the INTERSTROKE study as one of the 5 key risk factors which accounts for more than 80% of the global burden of stroke. 4, 5 The mechanism through which physical activity may help to prevent stroke and reoccurring stroke is likely through physical activity-induced modulation of various cerebrovascular risk factors known to influence the incidence of stroke. These may include, for example, regulation of blood pressure, endothelial function, reducing left ventricular hypertrophy, increasing high-density lipoprotein cholesterol, and reducing low-density lipoprotein cholesterol, triglycerides, adiposity, and systemic inflammation. 5 Indeed, observational studies have found an inverse association between physical activity and stroke risk, [6] [7] [8] [9] with physical activity reducing stroke risk by about 25% to 30%. 10 In addition to the primary prevention of stroke, there is some evidence that physical activity may help to prevent strokespecific mortality. 11, 12 Notably, these studies employed stroke-free individuals at baseline and examined whether physical activity at baseline was predictive of stroke-specific mortality at follow-up. At this point, there are no studies that have followed patients with stroke over time and examined whether physical activity is associated with mortality among patients with stroke. As a result, the purpose of this study was to examine the association between objectively measured physical activity and all-cause mortality among a national sample of adults who have had a stroke.
Methods

Design and Participants
Data were extracted from the 2003 to 2006 National Health and Nutrition Examination Survey (NHANES; only available cycles with accelerometry data at the time of this writing). Data from participants in these cycles were linked to death certificate data from the National Death Index. Person-months of follow-up were calculated from the date of the interview until the date of death or censoring on December 31, 2011, whichever came first. Analyses are based on data from 184 patients with stroke (26-85 years) during the 2003 to 2006 NHANES cycles who provided complete data for the study variables. Because of the sampling design and utilization of the sampling weights, these 184 patients with stroke represent 4 158 208 patients with stroke in the United States between 26 and 85 years of age.
The NHANES is an ongoing survey conducted by the Centers for Disease Control and Prevention that uses a representative sample of noninstitutionalized US civilians selected by a complex, multistage, stratified, clustered probability design. Procedures were approved by the National Center for Health Statistics review board. Consent was obtained from all participants prior to data collection. Further information on NHANES methodology and data collection is available on the NHANES website (http://www.cdc.gov/nchs/nhanes.htm).
Measurement of Stroke
Participants were considered to have stroke if they answered yes to the following question, "Has a doctor or other health professional ever told you that you had a stroke?"
Measurement of Objectively Measured Physical Activity
Physical activity was assessed using the ActiGraph 7164 accelerometer. SAS (version 9.2) was used to reduce accelerometry data to those with 4 days of 10 h/d of monitored data, which was integrated into 1-minute time intervals. Nonwear time was identified as 60 consecutive minutes of zero activity counts, with allowance for 1 to 2 minutes of activity counts between 0 and 100. Activity counts/min 100 was used as the threshold to determine time spent at physical activity across the valid days (ie, days with at least 10þ hours of monitoring). 13 The average physical activity level across these valid days was calculated for each participant.
Covariates
Covariates included age (continuous; years), gender, race/ethnicity (Mexican American, non-Hispanic white, non-Hispanic black, and other), serum cotinine (marker of active/passive smoking status; continuous; ng/mL), weight status (overweight/obese [25 kg/m 2 from measured height and weight] or not), poverty to income ratio (continuous), C-reactive protein (continuous; mg/L), comorbid illness (ordinal variable), and on blood pressure or cholesterol-lowering medication. As a measure of socioeconomic status, the poverty to income ratio was assessed. The poverty to income ratio is calculated by dividing the family income by the poverty guidelines, which is specific to the family size, year assessed, and state of residence. The comorbid illness variable indicated the summed number of morbidities for each participant, based on physician diagnosis of arthritis, coronary artery disease, congestive heart failure, heart attack, emphysema, chronic bronchitis, and hypertension.
Analysis
Statistical analyses were performed via procedures from survey data using Stata (version 12). Briefly, and prior to any analyses, the following Stata command is used to define the survey design: svyset (w ¼ weight, psu [psu variable] strata [strata variable]). Then, "svy" commands are used for each analysis to ensure the complex survey design of NHANES is accounted for when determining variance estimates. To account for oversampling, nonresponse, and noncoverage and to provide nationally representative estimates, analyses for the Cox proportional hazard model included the use of survey sample weights, clustering, and primary sampling units. Cox proportional hazard models were used to examine the association between physical activity and all-cause mortality. Schoenfeld residuals were used to verify the proportional hazards assumption.
Results
Among the 184 adults who have had a stroke, 53 (n ¼ 32 men; n ¼ 21 women) died over the follow-up period (28.8%; unweighted). The unweighted median follow-up period was 71.96 months (interquartile range ¼ 61-91). In the sample, 13 241 person-months occurred with an incidence rate of 4.0 per 1000 person-months (95% confidence interval [CI]: 3.05-5.23). From baseline, the weighted duration since being diagnosed with a stroke was 7.6 years (95% CI: 6.1-9.1). Table 1 displays the baseline characteristics of patients with stroke stratified by mortality status at follow-up. Those who were alive at follow-up, compared to those who were deceased, had higher physical activity at baseline, were younger, had a lower cotinine level (less likely to smoke), and had fewer comorbidities. 
Discussion
Summary
The purpose of this study was to examine the association between objectively measured physical activity and all-cause mortality among a representative sample of adults who have had a stroke in the United States. Results demonstrated that, after adjustment for age, years since stroke occurred, inflammation, medication use, and other confounders, greater engagement in physical activity was inversely associated all-cause mortality risk among adults who have had a stroke. Algorithms for stroke rehabilitation 14 are aimed at improving functional independence and emphasize on early diagnosis and treatment of stroke, early initiation of rehabilitation (early mobilization), control of modifiable risk factors, 4 and comorbidities as well as prevention of complications.
14 Early initiation of stroke rehabilitation is more beneficial than the duration of rehabilitation. 15 Rehabilitation services range from inpatient
SO WHAT?
What is already known on this topic?
Previous work suggests a protective effect of physical activity on primary stroke prevention and functional outcomes after stroke (eg, mobility function). 3, 16 Among stroke-free individuals, there is some encouraging evidence that physical activity may help to prevent stroke-specific mortality. 11, 12 What does this article add?
The present findings contribute to the literature by also demonstrating that physical activity may have survival benefits among adults who have had a stroke.
What are the implications for health promotion practice or research?
Appropriate physical activity promotion among adults who have had a stroke is critical. For patients with stroke, specific details on setting physical activity goals, pre-exercise evaluation, identification of physical activity-related barriers, and specific physical activity recommendations are provided elsewhere. 3, 16 With regard to the individual categorical covariates, the reference individuals (coded as "0") were male, non-Hispanic white, not overweight/obese, not on cholesterol medication, and not on blood pressure medication.
rehabilitation, nursing facility rehabilitation, and outpatient rehabilitation to home-based rehabilitation. 14 
Limitations
Major strengths of this study include the representative sample of adults who have had a stroke, novelty of the study, and utilization of an objective measure of physical activity. Future studies on this topic are needed and should aim to overcome the main limitation of this study, which includes the self-report of physician diagnosis of stroke and the inability to examine different types of stroke, severity of the stroke, or cause-specific mortality (due to sample size considerations). Future studies, employing multicenter clinical sites, should aim to increase the sample size large enough to examine gender, race/ethnicity, stroke, and mortality-specific effects.
Significance
These findings underscore the importance of physical activity participation among adults who have had a stroke to help promote survival.
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